Drosophila melanogoster mitochondria) DNA (mtDNA) Is closely related to the mammalian and amphibian mtDNA except for gene organization. In Drosophila, genes are distributed in clusters alternatively coded on each strand.
INTRODUCTION
The Drosaphilamelenogaster mitochondrial DNA (mtDNA) Is a covalently closed duplex circular molecule 19kb long. Nearly one quarter of the genome is a very A+T-rich region (1-3) which doesn't appear to contribute to the coding capacity (4) (5) and contains the origin of replication for both DNA strands (7) .
The D. yakuba mtDNA has been completely sequenced (6, (8) (9) (10) (11) (12) (13) 56) and differs mostly from D.
mehnogester mtDNA by the size of the A+T rich region. The D. yakube mtDNA encodes for the seme genes as those found in higher organism's mtDNA (14) (15) (16) (17) , I.e., 2 rRNA and 22 tRNA genes, 13 significant reading frames coding for cytochromeb(cyt.b),cytochromecax1dB3esubunits I, II, III (Co I. Co II, Co III). ATPese subunits 6 end 8, seven subunits of NAOH cbshydrogenase (ND 1-6) (18) (19) (20) (21) 57) . The general characteristics of these genes are similar to mammalian or amphibian genes they are tightly packed; the tRNA sequences are scattered on the genome ; most of the reading frames don't have a stop codon and terminate with T or TA ; and none contains fntron. However, while mammalian and Xenopus leevis mitochondria! genome organizations are identical, Drosophila genome exhibits distinctive gene order and distribution on the two DNA strands, raising interesting questions about the type of genome transcription A transcript map of D. melanogaster mtDNA has already been published (5) The eight most abundant transcripts end the two rRNAs map adjacent to each other-without overlapping-and cover the whole coding region. Among the seven less abundant transcripts detected by these authors, four have size and hybridization behavior consistent with a precursor function.
In this paper we present a more detailed study of the mttochondrial transcripts. Using various subfragments of the D. melanogaster mitochondria! genome as probe in RNA blotting experiments, we have examined the transcripts pattern . All of the mtDNA, except the A + T-rich region, appears to be completely transcribed either on one strand or the other, with multiple transcripts mapping to the same DNA fragment On the basis of our results and those previously described in the litterature we will discuss the typical aspects of transcription and RNA processing in Drosophilo mitochondria
MATERIALS AND METHODS
Mitcchondrial RNAs isolation. RNA were isolated from D. melanogaster (B2 strain) embryos mitochondria prepared as previously described (23) . When Indicated mitochondria were treated with nuclease S7 (BoehringBr) (15 min, 20*C, 15 U/mg), purified on a preformed Percoll (Pharmacia) gradient and/or treated with digttonin (15min, 4*C, 0.15 % w/w) to eliminate the outer membrane (24) . Total RNAs were then extracted using phenoi/chtorofxm extractions at room temperature. The Insoluble nucleic acids In 2 M L1C1 were recovered and enriched for poly (A) + -containing transcripts by two passage over oligodT -cellulose (Sigma).
Preparation of mt DNA. fragments, end recombinants. mtDNA from D. melanogaster (strain 82') was purified from embryos mitochondria according to the WOLSTENHOLME and FAURON method (25) .
Three out of four EcoRI fragments, pDmt Eg Q p and two out of four Hind III fragments, pDmt HQ p were cloned In pBR322 £. Q7///C600. No clones containing sequences of the A+T-rich and the small rRNA region have been recovered, probably due to the high A + T content of this region (6) Subfragments could not be obtained, as none of the restriction enzymes we have tested could cut the DNA in this region. pDm 238/29 , which contains the nuclear rDHA sequences of D. melanogaster comes from KIDD and GLOVER (26) . Era Rl fragments B, C and D, Hind III fragments C and D, a Pvu Il-Hfnd III fragment included in Co III sequence, and a 400bpBgl Il-Hind III fragment of D. melanogaster mtDNA werecloradin both directions In mp8 or mp8MI3RF DNA (27) . Recombirt8nts ss (single-strandBd) M13 DNA were prepared according to MESSING (27) . Recombinant duplex DNAs were purified either by the BIRBOIM and DOLY method followed by a CsCl gradient or by the MICARD et ai. method (28, 29) .
Restriction fragments of cloned mtDNA sequences were gel-purified.
Gel etectroohoresis. blotting and hybridization RNA samples were electrophoresed in 1,5% agarose gels containing 2.2 N formaldehyde as described by (30) , except that the buffer was 20mM sodium borats pH . 8.3, imM EDTA. RNAs were then transferred to nitrocellulose filters (Millipore HAWP 304F0) (31) .
Plasmid or restriction fragment probes were labeled by nick-translation (32 
DISCUSSION
Our data clearly show that all the RNAs In the poly (A) + fraction ( S% of the nucleic acids extracted from crude mitochondria) and one RNA in the poly (A)" fraction have a mitochondrial origin. We can estimate to within 7% the amount of mtRNAs among the nucleic acids extracted from crude mitochondria The remainder Is almost completely cytoplasmlc rRNA, as shown by hybridization with the nuclear rDNA ( fig. 1 ). These RNAs didn't disappear but generated multiple subfragments when we treated mitochondria with micrococcol nuclease before RNA extraction (not shown). We did not continue with this treatment however, thus avoiding the Introduction of a nuclease in our preparation. The purification of mitochondria must be followed by the removal of the external membrane to eliminate them suggesting that, besides endoplasmic reticulum associated ribosomes, cytoplasmtc ribosomes closely linked to the mitochondrial outer membrane are present in our preparation. If these are present in situ they could play a role in the biosynthesis of mitochondrial proteins in the cytoplasm, even If, as has been shown in yeast (38) (39) (40) , they do not represent the general and obligatory process for these proteins. As we have specific probes for the mitochondrial genes, RNAs used In mapping experiments were extracted from the crude mitcchondrial fraction to avoid successive and time-consuming manipulations which can lead to RNA degradation.
Presumptive mature mRNAs.
The location, coding strand and relative abundance of 11 out of the identified RNA species (RNA 1-3,5-9, 11-13)arecons1stentw1thaprote1n coding function. All are potyacterrylated Table 1 shows the correspondence between sizes of D. yskuba mitochondrial protein coding genes, as determined from the DNA sequence, and the lengths of their putative mtRNAs. In all but two cases (RNA species 2 and 8)
there Is a high incidence of agreement between the two, indicating the absence, as Is the cose for most of the mammalian mitochondrial mRNAs, of long non-translated nucleotide sequences at their termini.
None of the Identified RNA species can be proposed as the mature mRNAs for ND 4L and ATPase 8 genes.
It Is very likely that RNAs 2 and 6 are, because of their size, polycistronic transcripts. RW\s 2 and 6
would be the mRNAs for, respectively two Immediately contiguous coding sequences, ND 4L + ND 4, and two overlapping (on a few nucisotioes) genes, ATPase 6 + 8. They would begin at the 5'terminus of the first reading frame and continue through the junction region to the 3' terminus of the second reading frame Such mRNAs have already been described in mammalian mitochondria (41 -43) . Possible ways in which such a polycistronic messager may be translated have been previously discussed (16) . On the basis of its size, map position and relative abundance In relation to the other transcripts coded by the same strand in this region, the 0.52 kb rare RNA (RNA 12) could be the mature ND 6 mRNA. This finding agrees with the recent detection of a putative rare ND 6 mRNA In mouse mitochondria, although in the latter case the mRNA is over twice as large as the ND 6 gene (44). This discrepancy could come from differences in transcription processes in mammalien end Drosophite mtDNAs, due to the DNA rearrangement which occurred In this region between the two genomes. A single putative mRNA has therefore been mapped to each open reading frame With a different method , and as found for mammalian mitochondria (35, 44) , we observe differences In the relative molar abundance of the putative mature mRNAs In the steady-state population (t8ble 1). According to our results they can be put together with the nature of their encoded potypeptides.Col, Coll and Col 11 transcripts are indeed the most abundant, followed by ATPese 6 + 8 mRNA, then cyt b mRNA and finally mRNAs fx subunits of NADH deshydrogenase. Relative molarity of ND 6 mRNA has not been estimated because of Its scarcity.
Processes leading to this difference will be discussed below.
Our transcriptional map for the most abundant mRNAs matches that previously published fx D.
melanogBSter (5) . However we refined the location fx RNA B6, which probably cxresponds to our RNA 6, the putative mRNA fx ND 2 gene, and we detected and mapped previously unobserved and scarce putative mRNAs fx ND 3 and ND 6 genes.
Potential precursx transcripts
Multiple transcripts map to all of the coding sequences, except rRKAs and ND 1. 
